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Abstract 
In order to response for security purposes, many developments have been developed for counter terrorism and/or 
military applications. Chemical sensors are promising sensors for trace detection because of their sensitivity and 
selectivity. Fluorescent sensors have already demonstrated their ability for explosives compounds.  
In this paper, a polycarbosilane functionalised with pyrene (PCS-Py), a new fluorescent material was tested for 
explosives detection. Several aspects and characteristic of polymer film were studied: in particular the microstructure 
of the film and its stability under air flow. Relationship between microstructures and performances were investigated 
depending of coating methods. Experiments were lead to demonstrate that photo bleaching phenomenon is the main 
contributing factor in the reduction of stability under air flow. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of Eurosensors 2015. 
Keywords : fluorescence, TNT, microstructure, coating method, stability. 
* Corresponding author: C. FRENOIS CEA DAM Le Ripault, F-37260 MONTS, France, Tel: +33 2 47 34 42 08 E-
mail address: celine.frenois@cea.fr
1. Introduction 
The detection of chemicals explosives at trace levels is very important for security purposes. Many 
developments have been leaded in chemicals sensors to detect a large panel of explosives targets (nitro-
aromatics, peroxides …) and to respond at the selectivity and sensitivity needs. Chemical sensors, 
especially fluorescent ones, are promising candidates in terms of sensibility, cost and portability [1]. The 
main issue of fluorescent sensor is their stability, mainly affected by photo-bleaching effect [2-3].   
In this paper, we focused on the microstructure of the fluorescent material. The relation between 
microstructure and performances and the relation between microstructure and stability were studied. The 
parameters which influence the photo-bleaching were also identified. 
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2. Experimental 
The fluorescent material used in this work is a polycarbosilane functionalised with pyren (PCS-Py) 
(Fig.1). PCS-Py synthesis is described elsewhere [4]. This polymer was dissolved in chloroform at 
different concentration depending on coating method. This fluorescent material was deposited on glass 
slide by different methods: spin-coating (SPS Spin150), dip-coating (KSV NIMA) and spray-coating 
(EFD 787 MS). The fluorescent detector used in this work is presented on Fig.2. The LED lights (at 
370nm) up the fluorescent material with UV radiations and the intensity of the light emitted is measured 
with a photodetector. The interaction between the sensitive material and the explosive vapours leads to a 
fluorescent quenching which is used for the detection. The working principle of this detector requires that 
only one side of the glass slide is coated. The fluorescent sensor was characterised by the maximum of 
absorbance which was measured with a Perkin Elmer lambda 35 UV/Vis spectrometer. The 
microstructures of the layers were observed with an optical microscope (Nikon microphot-FXA). 
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Fig.1. Chemical structure of 
PCS-Py
Fig.2. Fluorescent detector device
3. Results and discussion 
3.1. Microstructure of sensitive material 
It is known that the thickness of the fluorescent material layer has an influence on the detection 
performance: the thinner is the layer, the better are the performances [5]. But the shape of the layer is an 
interesting parameter to study. PCS-Py is a viscous material and it was observed that its microstructure 
depended on the coating method (Fig.3.). For a dip-coated layer, PCS-Py is organised in micro pools, for 
a spin-coated layer, it is organised in homogenous micro droplets and for spray-coated layer it is 
organised in heterogeneous micro droplets. 
Fig.3: Microstructure of PCS-Py layer for the different coating method (from left to right: dip, spin and spray coating) 
3.2. Influence of microstructure toward detection performance 
In order to compare the different coating methods and as it is not possible to measure the thickness of 
layer, the maximum of absorbance of layer was chosen in this study. Indeed, the maximum of absorbance 
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can be correlated to the volume of material crossed by spectrometer light. Several slides with different 
absorbances were realized for each coating method. For dip-coating method, the speed of retiring was 
changed from 50 mm/min to 800 mm/min. For spin-coating method, the concentration of the solution was 
changed from 2 g/L to 10 g/L. For spray-coating method, the time of deposit was changed from 0.2 
second to 2 seconds. With these parameters, the range of layers absorbance goes from 0.1 to 0.7. The 
detection performance was determined by the fluorescent quenching for 100 ng of TNT (Fig.4). These 
results show the same trend for each coating method: the detection performance is better when the 
absorbance is low. This can be correlated with the results that the best detection performances are 
obtained when the layer of fluorescent material is thin [5]. This graph also shows that the shape of layer is 
not a significant parameter for detection performances. Indeed, for all the sensors with an absorbance 
between 0.1 and 0.2, the TNT detection is between 70 % and 80 %. Image analysis showed that dip-
coating layers had a larger surface than spin-coating and spray-coating layers. It means that detection 
mechanism in the case of PCS-Py depends on the volume of fluorescent material and not on the surface. 
Fig.4: TNT quenching efficiency as a function of absorbance of PCS-Py layers 
3.3. Influence of microstructure on fluorescence stability 
Another parameter which is important for fluorescent sensors is the stability in time. Therefore, the 
sensors which give the best detection performances (absorbance between 0.1 and 0.2) for each coating 
method were studied during stabilization under air flow during 6h. Fig.5a shows the fluorescent deviation 
of the dip-coating layer (absorbance of 0.122) and Fig.5b shows the detection of 100 ng of TNT after the 
stabilization. The fluorescence stability of sensor and detection results are given in table 1.  
a)   b)  
Fig.5: Fluorescence deviation of a dip-coating layer during 6h under air flow (a), dip-coating TNT detection layer after stability (b). 
Table 1: Comparison of different coating methods towards fluorescence stability and detection performances after stability phase 
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These results show that all the PCS-Py layers have a fluorescence loss during 6h under 20L/h air flow. 
The detection performance is better when the loss of fluorescence is lower. For dip-coating layer, which 
has the worst fluorescence stability, TNT detection decreases significantly compared to the detection 
without stabilisation phase (~ -40%). On the contrary, TNT detection of spray-coating and spin coating 
layer is less affected by the stabilisation phase: the performance decreasing is only around 10-15% which 
is acceptable after 6 hours of stabilisation. This difference of sensor stability can be explained by the 
microstructure of layer. The layer by dip-coating, which has the higher surface area, is less stable than the 
layers by spray or spin-coating, which have a smaller surface area. Thus, the degradation mechanism can 
be correlated to the surface of layers. 
3.4. Understanding of photo-bleaching phenomenon 
Photo-bleaching effect concerning fluorescent materials is reported to be due to UV radiations and 
oxidation [2]. In the case of PCS-Py material, the effect of oxygen and UV radiation during a stabilisation 
of 6 hours has been studied. This study was performed on a dip-coating layer which is the most sensitive 
to photo-bleaching effect. The first experiment was performed under 20L/h air flow, exciting the 
fluorescent material only the first 10 minutes and the last 10 minutes (Fig.6a). The second experiment 
was performed under 20L/h nitrogen flow (Fig.6b). 
a)   b)  
Fig.6: Fluorescence deviation of a dip-coating layer during 6h under a 20L/h air flow without exciting the PCS-Py (a). 
Fluorescence deviation of a dip-coating layer during 6h under a 20L/h nitrogen flow (b). 
These results show that the fluorescence deviation is mainly due to the combination of oxygen and UV 
radiations and not due to independent factor: stability decrease only of 15% without LED light 
contribution, the fluorescence signal is not affect by LED light without oxygen contribution. 
4. Conclusion 
Several microstructures of a new fluorescent material were studied. It was observed that the 
microstructure has not a significant impact on the performance compared to the quantity of material 
deposited. However, the microstructure is an important parameter toward the stability of material. The 
microstructures with a smaller surface area (spin and spray coatings) give a better stability and thus, better 
detection performances. The photo-bleaching phenomenon is due to the combination of oxygen and UV 
radiation. Further work will be dedicated to surface analysis to confirm this phenomenon. 
References 
[1] Ramon Martinez-Manez et al., Optical chemosensors and reagents to detect explosives, Chem. Soc. Rev., 41 (2012) 1261–1296 
[2] Aurélien Tournebize et al., Why do chemical sensors for explosives detection lose their fluorescence under UV-visible exposure, 
Polymer Degradation and Stability, 97 (2012) 1355-1365  
[3] Xingmao Chang et al., Studies on the photochemical stabilities of some fluorescent films based on pyrene and pyrenyl 
derivatives, 298 (2015) 9-16 
[4] E. Pasquinet et al., Patent FR2929283, Polycarbosilanes utiles comme matériaux sensibles pour la détection et le dosage de 
composés nitrés et capteurs chimiques les comprenant. 
[5] Monika Warzecha et al., Detection of nitroaromatic vapours with diketopyrrolopyrrole thin films: exploring the role of structural 
order and morphology on thin film properties and fluorescence quenching efficiency, 51 (2015) 1143-1146 
